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A Simple Example of an SADMT Architecture Specification

1. Introduction

In this paper, a complete specification of a simple SDI Architecture, SDSO (pronounced
SDS naught), and threat is given. This specification includes:

(1) aninformal description of SDSO0,
(2) the main program that creates the components of the simulation,

(3) the specification of the BM/C? logical processes of the SDSO,
(4) the specification of the Technology Modules (TMs) used by SDSO0,

(5) the specificaticn of the BM/C? and TMs of the threat.

This example illustrates the manner in which an SDS architecture can be described in SADMT.

The entire architecture, BM/C? and TMs, is described in SAGEN and was translated by the
SAGEN processor into SADMT before being executed.

2. Informal Specification
Components
This sample architecture contains the following components:
Two command posts
Four sensor platforms in geosynchronous orbit
n weapons platforms in low orbit
These components send (through SADMT ports) the following kinds of messages to each other:
(1) Command post to all satellites: the current status.
(2) Sensor platforms to all components: target detection information

(3) Sensor platforms to all components: summaries of target information messages received
from other sensor platforms.

The system is always in one of two status levels: war or peace, and the system is initially at peace.
Processing

The following is an outline of the processing that takes place within this system. A com-
mand post receives target information continuously from the sensor satellites. It broadcasts a
status message (war or peace) to all satellites every ten minutes. When it first receives a message
indicating that targets have been detected, it changes status from peace to war and broadcasts
that new status immediately. If at war, and no targets are detected for over one hour, the status is
changed back to peace.

A sensor scans a designated area an reports all detected targets to all satellites a:ad com-
mand posts. In addition, it rebroadcasts a summary of any message it receives from a sensor
platform with a higher ID than its own. (The senor platforms are ordered 1 through 4.)

A full sensor message contains the ID of the sensor sending it, the number of targets
detected, and a list of information about the targets (including the current position and velocity
of each target). A relayed summary message contains only the ID of the sensor platform that is

1
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relaying it, and the number of targets detected.

A weapons platform receives all messages transmitted by the command posts and sensor
platforms. It processes the status messages from the command posts, and as long as the status
remains at peace it does not care about the contents of any message form the sensors. Neverthe-
less, after the weapons platform receives a message changing the status to war, it processes all
messages that come directly from a sensor platform (i.e., those that contain the complete target
information, not the relayed summaries).

For each sensor message processed, the weapons platform calculates the target with the
highest probability of kill (P,). If that P,_is higher that some minimum, it aims and shoots at that

target.
The weapon fired is a dumb KKV that travels in the direction it is fired at a constant velo-

city of 5 km/sec. The weapons platform does not bother to count its remaining KKVs; it keep
on playing the game even after it has exhausted its supply.

3. MAIN

The following code is the main program for the SADMT/SF simulation of SDS0. This
program creates the initial configuration of platform and starts the simulation.

with System_Scheduler,
Cones_n_Platforms,
Latitude_n_Longitude,
Seasor_Cone_Response_TM_pkg,
Tracker._T™_pkg,
Platform_Collision_TM_pkg,
Russian_Missile_Base_Platform_pkg,
Command_Post_pkg,
Sensor_Platform_pkg,
Weapons_Platform_pkg,
Math,
Vector_pkg,
Debug_flags,
VERDIX;

procedure main_sds0 fs
package PDL_IO renames Cones_n_Platforms.PDL_pkg.PDL_IO;
package CnP_iP renames Cones_n_Platforms.interface_procs;
use PDL_JO; use txt_io, int_io;
use Cones_n_Platforms,
System_Scheduler,
Vector_pkg,
Cones_n_Platforms.eqn_motion_pkg,
Latitude_n_Longitude,
Russian_Missile_Base_Platform_pkg,
Command_Post_pkg,
Sensor_Platform_pkg,
Weapons_Platform_pkg,
Math;
use PDL_pkg;
use Command_Post_PARAM_pkg;
use Sensor_Platform_PARAM_pkg;
use Weapons_Platform_PARAM_pkg;

num_sensor_platforms: constant: = 4;
SECONDS: constant:= PDL._ticks_per_second;
MINUTES: constant:= 60 * SECONDS;

HOUR: constant:= 60 * MINUTES;

missile_base_com: eqn_motion_type:= new_eqn_motion_rec;
post]_eom: eqn_motion_type:~ new_eqn_motion_rec;

2
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postl_param: Command_Post_parameterization_ptr:=
new Command_Fost_parameterization;

post2_eom: eqn_motion_type:= new_eqn_motion_rec;

post2_param: Command_Post_parameterization_ptr:=
new Command_Post_parameterization;

sensor_com: eqn_motion_type;

sensor_param: Sensor._Platform_parameterization_ptr;

sensor_discr: PDL_string_ptr;

weapon_ecm: eqn_motion_type;

weapon_param: Weapons_Platform_parameterization_ptr;

sensor_radius: constant:= Re *3.875;

weapon_radius: constant:= Re * 1.125;

weapon_discr: PDL_string _ptr;

theta: float;

platform_pos: vector;

begin

L%/

N TS

put_line("The SDS0 simulation:™);

CnP_ip.platforms_cant_collide(Russian_Missile_Base_Platform_designator,
Russian_Missile_Base_Platform_designator);
CnP_p.platforms_cant_collide(Russian_Missile_Base_Platform_designator,
Command_Post_designator);
CnP_rp.platforms_cant_collide(Command_Post_designator,
Command_Post_designator);
CnP_sp.platforms_cant_collide(Sensor_Platform_designator,
Sensor_Platform_designator);
CnP_jp.platforms_cant_collide(Russian_Missile_Base_Platform_designator,
Weapons_Platform_designator);

put_line(® Creating Russian Missile Base at " &
"(55.8 degrees E, 37.9 degrees N).");
missile_base_eom.position:= location(37.9, 55.8);
missile_base_eom.delta_t:= max_rpL_duration;
missile_base_com.back_ptr_flag: = true;
missile_base_eom.next_rec:= missile_base_eom;
Russian_Missile_Base_Platform_cp. pkg.create_platform(
Russian_Missile_Base_Platform_designator,
name=> Russian_Missile_Base_Platform_name,
initial_position=>> location(37.9, 55.8),
eqn_motion=> missile_base_eom);

putline(® Creating Command Post1at”™ &

"(255.0 degrees E, 37.5 degrees N).”);
postl_param.cp_id:= "CPost 17;
postl_eom.position: = location(37.5, 255.0);
postl_eom.delta_t:~ max_pDL_duration;
postl_eom.back_ptr_fiag:= true;
postl_eom.next_rec:= postl_com;
Command_Post_cp_pkg.create_platform(Command_Post_designator,

name=> Command_Post_name,

discr=> pDL_string_ptr’(
new string’("1")),
param => postl_param,
initial_position=>> location(37.5,
255.0),
eqn_motion=> postl_eom);

put_line(™ Creating Command Post2 at™ &

"(270.0 degrees E, 37.5 degrees N).");
post2_param.CP_id:= "CPost 2”;
post2_eom.position:= location(37.5, 270.0);
post2_eom.delta_t:~ max_pDL_duration;
post2_eom.back_ptr_flag:= true;
post2_eom.next_rec:= post2_eom;
Command_Post_cp_pkg.create_platform(Command_Post_designator,

name=> Command_Post_name,

3
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discr=> ppL_string_ptr’(

new string’("2”)),
param => post2_param,
initial_position=> location(37.5,
270.0),
eqn_motion=>> post2_eom);

put("Creating ");

put(num_sensor_platforms,1);

put(” Sensor Platforms ");

for jj in 1..num_sensor_platforms loop

sensor_com:= new_eqn_motion_rec;

theta:= float(jj - 1) * 2.0 * p1/ float(num_sensor_platforms);

platform_pos.x:= cos(theta) * sensor_radius;
platform_pos.y:= sin(theta) * sensor_radius;
platform_pos.z:= 0.0;
sensor_com.position:= platform_pos;
sensor_eom.delta_t:= max_pDL_duration;
sensor_com.back_ptr_flag: = true;
S€nsor_eom.next_rec:= sensor_eom;

sensor_param:= new Sensor_Platform_parameterization;

sensor_param.sp_id:= "Sensor ”;
put(sensor_param.sp_id(7..7),ij);
sensor_discr:= new string’(integer’image(ij));

Sensor_Platform_cP_pkg.create_platform(Sensor_Platform_designator,

name=>> Sensor_Platform_name,
discr=> sensor_discr,
param =>> sensor_param,
initial_position=> platform_pos,
eqn_motion=>> sensor_com);
put(.’);
end loop;
new_line;
put("Creating ”);
pnt{Debug_Flags.num_weapons_platforms,1);
put(® Weapons Platforms ”);
for ij in 1..Debug_Flags.num_weapons_platforms loop
weapon_eom: = new_cqn._motion_rec;
theta:= float(jj - 1) * 2.0 * p1/ float(
Debug_Flags.num_weapons_platforms);
platform_pos.x:= cos(theta) * weapon_radius;
platform_pos.v:= sin(theta) * weapon_radius;
platform_pos.z:= 0.0;
weapon_eom.position:~ platform_pos;
weapon_eom.delta_t:= max_pDL_duration;
weapon_eom.back_ptr_flag:= true;
Weapon_eom.next_rec:= weapon_com,

weapon_param:= new Weapons_Platform_parameterization;

weapon_param.WP_id:="WP *;
put(weapon_param.wp_id(3..7),ij);
weapon_discr:= new string’(integer’image(ij));

Weapons_Platform_cr_pkg.create_platform(Weapons_Platform_designator,

param => weapon_param,
name => Weapons_Platform_name,
discr => weapon_discr,
initial_position=> platform_pos,
eqn_motion=>> weapon_eom);
put(’.”);
end loop;
new_line;
put_line("simulation begins.......... )
start_simulation(PDL_time_type(HOUR));

end;
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4. Message and Port types

The message and port types represent the data that is transferred between processes via
SADMT ports and the data that is communicated between platforms via SADMT cones.
SADMT defines three message types, and these correspond to the three types of outports of the
PIG. All three types are available to the SADMT user via the Cones_n_Platforms package.
Nevertheless, three packages which conform to the SAGEN naming conventions are provided.
The renamed types are in the following packages:

h) '\‘;h !

»

«s==---= Renamings of SADMT Packages --«<=---

R
»

with Cones_n_Platforms;

s AN

package Cone_Msg_pkg is

package wr_EMp renames Cones_n_Platforms.Environ_Msg_pkg;

subtype Cone_Msg is wp_EMp.Cone_Msg;

package D renames wp_EMp.PDcone;

subtype Cone_Msg_port is PD.T_port; .
subtype Cone_Msg_ipptr is PD.T_ipptr; R
subtype Conse_Msg_opptr is PD.T_opptr;

end Cone_Msg_pkg;
with Cones_n_Platforms;

package Event_Msg_pkg is

W

,
P

package wP_EMp renames Cones_n_Platforms.Environ_Msg_pkg;

7

ey
by

e

Y
s

¢
ok

subtype Event_Msg is wp_EMp.Event_Msg;

5 5 8

7,
7z

)
[ Y

function end_of_eqn_motion return Event_Msg
renames wp_EMp.end_of_eqn_motion;

N

function end_of_lifetime return Event_Msg vy
renames wP_EMp.end_of_lifetime; N
function ”="(l,r:Event_Msg) return Boolean renamcs wp_EMp "="; _:\:'_\

At

package D renames Wr_EMp.PDevent;

subtype Event_Msg_port is pD.T_port;
subtype Event_Msg_ipptr is pD.T_ipptr;
subtype Event_Msg_opptr s PD.T_opptr;

end Event_Msg_pkg;
with Cones_n_Platforms;

package Platform_Msg_pkg is t *
package wr_EMp renames Cones_n_Platforms.Environ_Msg_pkg; ;}._‘2_
subtype Platform_Msg is wp_EMp.Platform_Msg; -;:-::-

AN
package PD renames wr_EMp.PDplat; ::_::
iy
subtype Platform_Msg_port is PD.T_port; o
subtype Platform_Msg_ipptr is PD.T_ipptr; @
subtype Platform_Msg_opptr is PD.T_opptr; o o
[P,
i
end Platform_Msg_pkg; ’ (%
X
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fq’ The boolean type is used by the Timer process of the command post as an alarm signal, and
the time type is used to set the Timer process’s alarm clock. The two Ada packages that define L}
4 ‘ the boolean and rime message types and port types are given below e
" .
v
»:,‘ ----- «-- BOOLEAN_PKG ------ .-
3
i)
with PortDefiner_pkg, Cones_n_Platforms; -
1Yy use Cones_n_Platforms,; .:,-
- package Boolean_pkg {s -
&
% <.
ﬁ% type Boolean_ptr is access Boolean; Y
) e
v Boolean_debug class: string(1..7):= "Boolean™;
. procedure put_msg(m:Boolean; indent:integer:=35); .
.': package PD is ':;,;
t:.' new PortDefiner_pkg ( i)
W Boolean, )
:0 put_msg,
o "BOOLEAN", 0
W Boolean_debug_class); .
.;|' subtype Boolean_port is PD.T_port;
; subtype Boolean_ipptr is PD.T_ipptr; -
2 subtype Boolean_opptr is PD.T_opptr; S0
~
~Y
..; end Boolean_pkg;
B package body Boolean_pkg is NS
procedure put_msg(m:Boolean;indent:integer:=35) is ¢
use PDL_pkg.PDL_IO; use TXT_IO; ~

n begin

> foriin 1..indent loop “

N put(’ ); ~
"y end loop; a

put("BOOLEAN=- ");
] if m then put("TRUE");
else put("FALSE"); ?!
) end if, )
'{ new_line; -t
I end put_msg; .
I end Boolean_pkg; e
' .
"
Y
o0
i" { eeeeeas TIME_PKG -------- :
i '
[\ with PortDefiner_pkg, Cones_n_Platforms;
» use Cones_n_Platforms, -
Ly package Time_pkg is "
P subtype Time ls PDL_pkg.PDL_duration_type;

8, .
. ~
> type Time_ptr is access Time; N
. «?

:" Time_debug_class: string(1..4):= "Time";
v procedure put_msg(m:Time;indent:integer: =35); "
package PD is (]
< new PortDefiner_pkg(Time,put_msg,”TIME", Time_debug_class); —_
’

2 subtype Time_port Is PD.T_port; -
b4 N
..: subtype Time_opptr is PD.T_opptr; S
)

»
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subtype Time_ipptr is PD.T_ipptr;

end Time_pkg;
package body Time_pkg is
procedure put_msg(m: Time;indent:integer:=35) is
use PDL_pkg.PDL_IO; use TXT.JO, DURATION_IO;
begin
foriin 1..indent loop
put(’’);
end loop;
put("Time=");
put(m);
new_line;
end put_msg,
end Time_pkg;

Next we define an order as an enumerated type representing the defcon levels that a ground
station can broadcast to the platforms. The enumeration is (DEFCONI, DEFCON2, DEF-
CON3, DEFCON4, DEFCONS5, DEFCON6, DEFCON7). Also defined, in a separate package,
is the type order_ptr. The ConeDefiner_pkg package is instantiated with the order and order_ptr
types since orders are transmitted via SADMT cones. The definitions of order and order_ptr are
separated to conform with the naming conventions of SAGEN. The packages Order_pkg and
Order_ptr_pkg are given below:

----- --- ORDER_PKG --=-----

with PortDefiner_pkg,
Cones_n_Platforms;

package Order_pkg is
use Cones_n_Platforms;

type Defense_status {s (DEFCON1, DEFCON2, DEFCON3, DEFCON4,
DEFCONS, DEFCON6, DEFCONT);
type Order is
record
Initiator: string (1..7):= "—";
order: Defense_status;
end record;

Order_debug_class: string(1..5):= "ORDER”;
procedure put_msg(
m:Order;
indent:integer:=20);
package D is new PortDefiner_pkg(Order,put_msg,Order_debug_class);
package Defense_status_io is
newPDL_pkg.PDL_I0.TXT_10.ENUMERATION_jo(Defense_status);
subtype Order_port s PD.T_port;
subtype Order_ipptr is PD.T_ipptr;
subtype Order_opptr i8 PD.T_opptr;

end Order_pkg;

package body Order_pkg is
procedure put_msg(
m: Order;
indent:integer:=20) is
use PDL._pkg.PDL_JO; use TXT_IO;
use Defense_status_io;
begin
foriin l..indent loop
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put(’’);
end loop;
put("Order: initiator=");
putline(m. Initjator);
foriin 1..indent+3 loop
put( ");
end loop;
put(”status=");
Defense_status_io.put(m.order);
new_line;
end put_msg;
end Order_pkg;

with Cones_n_Platforms,
Order_pkg;

package Order_ptr_pkg is
use Cones_n_Platforms;
use Order_pkg;

type Order_ptr is access Order;
Command_Transmission: constant cone_designator_type

package CD is new interface_procs.ConeDefiner_pkg(Order,Order_ptr);

package casT is new Casting_Functions(Order, Order_ptr);
function cast_magic_ptr._into_order_ptr(ptr: in PDL_magic_ptr)
return Order_ptr renames CAST.CAST_magic_ptr_INTO_T_ptr;
function cast_order_ptr_into_magic_ptr(ptr: in Order_ptr)
return PDL_magic._ptr renames CAST.CAST_T_ptr_INTO_magic_ptr;
end Order_ptr_pkg;

The rarget type is a record with latitude and longitude entries used by the Russian missile to
communicate target locations between its subprocesses. The packages Targer_pkg and
latitude_n_longitude are given below:

...... -- TARGET_PKG

with PortDefiner_pkg;

package Target_pkg is
type Target is record
latitude: float;
longitude: float;
end record;

Target_debug_class: string(1..6):= "Target”;
procedure put_msg(
m:Target;
indent:integer:=20);
package PD is
new PortDefiner_pkg(
Target,
put_msg,
"TARGET",
Target_debug_class),

8
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subtype Target_port is PD.T_port;

subtype Target_ipptr is pD.T_ipptr;

subtype Target_sipptr is PD.T_sipptr;

subtype Target_opptr is PD.T..opptr;

subtype Target_sopptr is PD.T_sopptr;
end Target_pkg;

with PDL_pkg;
package body Target_pkg is
procedure put_msg(
m:Target;
indent:integer:=20) is
use ppL_pkg.PDL_JO; use TXT_IO, FLT_IO;
begin
for iin 1..indent loop
put(C”);
end loop;
put("Target: Latitude=");
put(m.latitude);
put(” Longitude=");
put(m.longitude);
new_line;
end put_msg;
end Target_pkg;

<eveeees LATITUDE_N_LONGITUDE ---+----

with Cones_n_Platforms,
Vector_pkg,
Math;

package latitude_n_longitude is
use Vector_pkg;

Re: constant:= 6.378145e3 *
Cones_n_Platforms.PDL_lunits_per_kilometer;

function [ocation ({atitude, longitude: in float) return vector;
end latitude_n_longitude;

package body latitude_n_longitude is
use Math;

function location (latitude, longitude: in fioat) return vector is
pos: vector;
rad_lat: float:= latitude * r1/180.0;
rad_long: float:= longitude * p1/ 180.0;
begin
pos.x:= Re * cos(rad_lat) * cos(rad_long);
pos.y:= Re * cos(rad_lat) * sin(rad_long);
pos.z:= Re * sin(rad_lat);
return pos;
end location;

end latitude_n_longitude;
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The sense_req type is identical to the cone_type defined by SADMT. Thus, sense_req con-
tains 4 fields, a source_point, and indicator_point, a half_angle, and a blackout_radius. This
message type is used to specify the conical scope of a sensor scan. Once again the access type
sense_req_ptr is separate from the base type sense_req_ptr. This is done to conform with the nam-
ing conventions of SAGEN. The packages Sense_Req_pkg and Sense_Req_ptr_pkg are given
below:

<-ees=e- SENSOR_REQ_PKG --------

with PortDefiner_pkg,
Vector_pkg,

PDL_pkg,
Cones_n_Platforms;

package Sense_Req_pkg s
subtype Sense_Req is Cones_n_Platforms.cone_type;

Sense_Req_debug_class: string(1..13):=~ "Sense_Request”;
procedure put_msg(
m:Sense_Req;
indent:integer:=20);
package PD is
new PortDefiner_pkg(
Sense_Req,
put.msg,
”Sense_Request”,
Jense_Req_debug_class);

subtype Sense_Req_port is PD.T_port;

subtype Sense_Req_ipptr is PD.T_ipptr;

subtype Sense_Req_sipptr is PD.T_sipptr;

subtype Sense_Req_opptr is PD.T_opptr;

subtype Sense_Req_sopptr is PD.T_sopptr;
end Sense_Req_pkg;

package body Sense_Req_pkg is
procedure put_msg(
m:Sense_Req;
indent:integer: =20) ia
use PDL_pkg.PDL_JO; use TXT. IO, FLT_IO;
use Vector_pkg;
begin
foriin 1..indent loop
put(’’);
end loop;
put("Sense Request: inidicator_pt=");
put_vector(m.indicator_point,0);
put(”, source_pt=");
put_vector(m.source_point,0);
put_line(”,");
forilnm 1..indent loop
put(’’);
end loop;
put("Half angle=");
put(m.half_angle);
put(”, Blackout Radius=");
put(m.blackout_radius);
new_line;
end put_msg;
end Sense_Req_pkg;
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S— SENSOR_REQ_PTR_PKG --------

with Cones_n_Platforms,
Sense_Req_pkg;

package Sense_Req_ptr_pkg is
use Cones_n_Platforms;
use Sense_Req_pkg;
type Sense_Req_ptr is access Sense_Req;

package cD is
new interface_procs.ConeDefiner_pkg(Sense_Req,Sense_Req_ptr);

end Sense_Req_ptr_pkg;
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The Sensor_Cone_pkg package defines two cone_designator_types. The Sensor_Cone is
used to distinguish a sensor’s radar, and a Sensor_Cone_Reflection is used to distinguish a radar
echo. The package Sensor_Cone_pkg is given below:

==e=asee SENSOR_CONE_PKG ------ -

with Cones_n_Platforms;

package Sensor_Cone_pkg is
use Cones_n_Platforms;

Sensor_Cone: constant cone_designator_type
Sensor_Cone_Reflection: constant cone_designator_type

end Sensor_Cone_pkg;

The Platform_Data_Req_pkg defines an integer used as a signal to request information
about the current state of the platform from the Platform_Data.TM. When the TM receives the
signal it computes the physical location, speed, velocity, mass, and so on, then this data is sent
over the output port in the form of a Platform_Data type. These two message types are given
below:

---2e-- PLATFORM_DATA_REQ_PKG --------
with PortDefiner_pkg;

package Platform_Data_Req_pkg is
type Platform_Data_Req is new integer;
type Platform_Data_Req_type is access Platform_Data_Req;

Platform_Data_Req_debug_class: string(1..21):= "Platform_data_request”;
procedure put_msg(
m:Platform_Data_Req;
indent:integer:=20);
package PD is
new PortDefiner_pkg(
Platform_Data_Req,
put_msg, .
Platform_Data_Req_debug_class);

subtype Platform_Data_Req_port is PD.T_port;

subtype Platform_Data_Req_ipptr is PD.T_ipptr;

subtype Platform_Data_Req_sipptr is PD.T_sipptr;

subtype Platform_Data_Req_opptr is PD.T_opptr;

subtype Platform_Data_Req_sopptr is PD.T_sopptr;
end Platform_Data_Req_pkg;

with PD._pkg;
package body Platform_Data_Req._pkg Is
procedure put_msg(
m:Platform_Data_Req;
indent:integer:=20) is
use PDL_pkg.PDL_IO; use TXT_IO, INT_IO;
begin
for i in 1..indent loop
put(’");
end loop;
put("Platiorm_Data_Req=");
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put(integer(m),1);
new_line;
end put_msg;

end Platform_Data_Req._pkg;

with PortDefiner_pkg,

Cones_n_Platforms,
Vector_pkg;

package Platform_Data_pkg is

use Cones_n_Platforms,
Vector_pkg;

type Platform_Data is record
designator: platform_designator_type;
mass: float;
eqn_motion: eqn_motion_type;
current_eqn_motion_segment: eqn_motion_type;
when_arrived_this_segment: float;
when_leaving_thiz_segment: float;
position: vector;
speed: float;
velocity: vector;

end record;

type Platform_Data_type is access Platform_Data;

Platform_Data_débug_class: string(1..13): = "Platform_data”;
procedure put_msg(
m:Platform_0Data;
indent:integer:=20);
package D is
new PortDefiner_pkg(
Platform_Data,
put_rosg,
Platform_Data_debug_class);

subtype Platform_Data_port is PD.T_port;
subtype Platform_Data_ipptr is PD.T_ipptr;
subtype Platform_Data_opptr is PD.T_opptr;

end Platform_Data_pkg;

package body Platform_Data_pkg is

-"‘.,'n.]".‘l'.‘v Jl‘....‘..l .h'!'!‘.'\ A

procedure put_msg(
m:Platform_Data;
indent:integer:=20) is
use PDL_pkg.PDL_IO; use TXT_IO, FLT_IO, DURATION_IO, INT_IO;
use Vector_pkg;
procedure put_indent(offset:integer) is
begin
new_line;
for i in 1. offset loop
put(’");
end loop;
end put_indent;
procedure put_eqn_mot(
m:eqn_motion_type;
indent:integer) is
p: eqn_motion_type:=m;
i: integer;
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back_ptr: boolean:= false;
begin

forjin 1..indent loop
put(’’);

end loop;

it=1;

put(i,1);

while p /= null loop
put_indent(indent+3);
put("Position=");

put_vector(m.position,0);

put_indent(indent+3);
put("Delta time=");
put(m.delta_t,1);
back_ptr:=true;

exit when p.back_ptr_flag;

back_ptr:= false;
p:= p.next_rec;
exit when p = null;
put.indent(indent);
it=i+1;
put(i,1);
end loop;
put_indent(indent);
if back_ptr then
put_line(”***Back_ptr™);
else
put_line("***NULL");
end if;
end put_eqn_mot;
begin
foriin 1..indent loop
.oputC);
end loop;
put(”Platform Data: *);
put_indent(indent+3);
put("Designator=");
put(m.designator.all);
put_indent(indent+3);
put("Mass=");
put(m.mass);
put_indent(indent+3);

UNCLASSIFIED

put_line("Equation of Motion:");
put_eqn_mot(m.eqn_motion,indent+6);

put_indent(indent+3);

put_line("Current Equation of Motion Segment:”);
put_eqn_mot(m.current_eqn_motion_segment,indent+6);

put_indent(indent+3);
put(”Arrived in Segment=");

put(m.when_arrived_this_segment,1);

put_indent(indent+3);
put(”Leaving Segment=");

put(m.when_leaving_this_segment,1);

put_indent(indent+3);
put("Position=");
put_vector(m.position,0);
put_indent(indent+3);
put("Speed=");
put(m.speed);
put_indent(indent+3);
put("Velocity=");
put_vector(m.velocity,0);
new_line;
end put_msg;
end Platform_Data_pkg;
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The Track_Data_pkg package contains two basic data types. (1) Sensor_ID is an integer

subtype for identifying sensor satellites. (2) Track_Data is a record consisting of a Sensor_ID,

» the number of targets, and a pointer to a linked list of Track_Data_recs. This data type is
transmitted between sensor platforms; therefore, an access type and ConeDefiner_pkg must also
be defined. The access type Track_Data_ptr and ConeDefiner_pkg are defined in the package

U
N Track._Data_ptr_pkg. The Track_Data_rec type is defined in the package Track._Data_rec_pkg.
. A Track_Datra_rec contains information about a single platform. It contains fields for the posi-

tion and the velocity of a platform along with a pointer to form a linked list. The access type,
Q8 Track_Data_rec_ptr is a pointer to a list of Track_Data_rec. The three package are given below:
I

«-=-=--- TRACK_DATA_PKG --------
with PortDefiner_pkg,

- Track_Data_rec_ptr_pkg; ‘
K}
:.‘: package Track_Data_pkg is

use Track_Data_rec_ptr_pkg;

subtype Sensor_ID s integer;

‘ type Track_Data isrecord
initiator: Sensor_ID;
number_of_targets: integer;
track_list: Track_Data_rec_ptr;

e end record;

Track_Data_debug_class: string(1..10):= "Track_Data";

n procedure put_msg(
m:Track_Data;
4, indent:integer:=20);
package PD is !
- new PortDefiner_pkg( \ ﬁ‘.‘
X Track_Data, y l::"o‘,
3 put_msg, "“(
"TRACK_DATA", !
Track_Data_debug_class); )
o subtype Track_Data_port is PD. T_port; }.‘- ‘f
; subtype Track_Data_ipptr is pD.T_ipptr; ..‘-:{1_!“ .
subtype Track_Data_sipptr is PD.T_sipptr; 7Ty
B subtype Track_Data_opptr is PD.T_opptr; TN

'_5:
g
L2

subtype Track_Data_sopptr is PD.T_sopptr;

ho .r_
end Track_Data_pkg; °
C\ with pDL_pkg; AN
! package body Track_Data_pkg is A
& oc
procedure put_msg( LY
m:Track_Data; Y
L indent:integer:=20) is '\‘ A
' use PDL_pkg.PDL_O; use TXT_IO, INT_IO; . >
: begin S
for i in 1..indent loop ®
. put(, ,); :“-:".
" end loop; N O
> put("Track Data: initiator="); \:\: ‘
put(integer(m.initiator),1); S
put(” num_of_targets="); '-..'.:‘ \
put(m.number_of_targets,1); TS
new_line; @
Track_Data_rec_ptr_pkg.put_msg(m.track_list,indent+5); =
end,; N
’ e
end Track_Data_pkg; Ny
\ ey’
0\ Nl
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-------- TRACK_DATA_PTR_PKG --------

with Track_Data_rec_ptr_pkg,
Track_Data_pkg,
Cones_n_Platforms;

package Track_Data_ptr_pkg is
use Track_Data_rec_ptr_pkg, Track_Data_pkg, Cones_n_Platforms;

type Track_Data_ptr is access Track_Data;
Sensor_Data_Transmission: constant cone_designator_type

package CD is
new interface_procs.ConeDefiner_pkg(
Track_Data, )
Track_Data_ptr);

package casT is new Casting_Functions(Track_Data, Track_Data_ptr);

function cast_magic_ptr_into_track_data_ptr(ptr: in PDL_magic_ptr)
return Track_Data_ptr renames CAST.CAST_magic_ptr_INTO_T_ptr;

function cast_track_data_ptr_into_magic_ptr(ptr: in Track_Data_ptr)
return PDL_magic_ptr renames CAST.CAST_T_ptr_INTO_magic_ptr;

end Track_Data_ptr._pkg;

«eenee=« TRACK_DATA_REC_PKG --+-----

with PortDefiner_pkg,
Vector_pkg,
Cones_n_Platforms,

package Track_Data_rec_ptr_pkg is
use Vector_pkg, Cones_n_Platforms;

type Track_Data_rec;
type Track_Data_rec_ptr is access Track_Data_rec;
type Track_Data_rec Is record
position: point_type;
velocity: point_type;
next_rec: Track_Data_rec_ptr;
end record;

Track_Data_rec_ptr_debug_class: string(1..18):= "Track_Data_Pointer™;
procedure put_msg(
m:Track_Data_rec_ptr;
indent:integer:=20);
package PD is
new PortDefiner_pkg(
Track_Data_rec_ptr,
put_msg,
"TRACK_DATA_POINTER",
Track_Data_rec_ptr_debug_class);
package cD is
new interface_procs.ConeDefiner_pkg(
Track_Data_rec,
Track_Data_rec_ptr);

subtype Track_Data_rec_ptr_port is PD.T_port;
subtype Track_Data_rec_ptr_ipptr is PD.T_ipptr;
subtype Track_Data_rec_ptr_sipptr is PD.T_sipptr;
subtype Track_Data_rec_ptr_opptr is PD.T_opptr;
subtype Track_Data_rec_ptr_sopptr Is pD.T_sopptr;
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package CAST is
new Casting_Functions(Track_Data_rec, Track_Data_rec_ptr);
function cast_magic_ptr_into_track_data_rec_ptr(ptr: in PDL_magic_ptr)
3 return Track_Data_rec_ptr
renames CAST.CAST_magic_ptr_INTO_T_ptr;
function cast_track .data_rec_ptr_into_magic_ptr(
ptr:in
Track_Data_rec_ptr)
return PDL_magic_ptr renames CAST.CAST_T_ptr_INTO_magic_ptr;

function new_track _data_rec return Track_Data_rec_ptr;
3 procedure free_track_data_rec(r: in out Track_Data_rec_ptr);
procedure free_track_data_list(r: in out Track_Data_rec_ptr);
end Track_Data_rec_ptr_pkg;

¢! , package body Track_Data_rec_ptr_pkg is
global_store: Track_Data_rec_ptr:= null;
§ procedure put_msg(
! m:Track_Data_rec_ptr;

indent:integer:=20) is
use Cones_n_Platforms.PDL_pkg.PDL_JO; use TXT_IO, INT_IO;

i use Vector_pkg;
& p: Track_Data_rec_ptr:=m;
i: integer;
begin
i for j in 1..indent loop
\' put(’ ’);
end loop;
put_line("Track_Data_rec_ptr.data=");
ii=1; )
while p /= null Joop
. for j in 1..indent+3 loop
put();
end loop;
y put(i); put(": position/velocity=");

! put_vector(m.position,0); put(’/’); ,
put_vector(m.velocity,0); it ._
new_line;

. p:= p.next_rec; 2 : »

L end loop; .'J,\'J' .
for j in 1..indent loop ’ 5:: s
put(’); Y t
y end loop; \:\:\d
put_line("***NULL end track_data_rec_ptr”); \:,;
end put_msg; WO
[
function new_track_data_rec return Track_Data_rec_ptr is ey
b new_rec: Track_Data_rec_ptr:= null; _t"-::'\-
p begin ity
if global_store = pull then .-::-?-:
P, new_rec:= new Track_Data_rec; MRS
° ohe 2
L new_rec: = global_store; i
global_store:= global_store.next_rec; .{% »
end if; RN
! new_rec.next_rec:= null; "‘:*‘:
return new_rec; Sep
end new_track_data_rec; “.ﬂ:
-v y *
.~
procedure free_track_data_rec(r: in out Track_Data_rec_ptr) is Pt
begin o
iftr /= null then Fav,
r.next_rec:= global_store; oA
global_store:=r; i‘% )

Y :’\ ‘vl
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J
r:= null;
end if; - ?-
return; ¥
end free_track_data_rec; Al M
..(
procedure free_track_data_list(r: in out Track_Data_rec_ptr) is . 3
follower: Track_Data_rec_ptr:=r; ) 1,
begln ) .".'
if r /= null then N
while follower.next_rec /= null loop
follower: = follower.next_rec; :_i .
end loop; Y
follower.next_rec:= global_store; = : :
global_store:=r; i
r:= null; LYy
end if; y," N
return; Ao
end free_track_data_list; o
0 3
end Track_data_rec_ptr_pkg; :
N
~“.
The next package does not define message types or port types; however, it is useful when v :
printing the value of spatial vectors. The package Vector_IO defines the procedure put. Put out- e
puts a vector as the latitude, longitude, and height above the surface of the earth. The package is :}
given below: o ¥
G,
cmemaman VECTORIO ------- - o c
]
with Vector_pkg; N X
package Vector_io is . '
use Vector_pkg; ™ .4
A
procedure put( ANy

v: vector;

fore: integer:= 4; )

aft: integer:= 3, ﬁ
exp: integer:= 0); :

o e s LR g g U S L g
g O -

end Vector_1o; A
with PDL_pkg, .:'
Latitude_n_Longitude, <
Cones_n_Platforms,
Math; ” g
‘3
package body Vector_i0o is l'ﬁ'a d
use PDL_pkg.PDL_IO.TXT_IO, 0)
pDL_pkg.PDL_IO.FLT_IO, O
Math; X >
min_len: constant:= 0.0001 *
Latitude_n_Longitude.Re;

procedure put(
v: vector; AL
fore: integer:= 4;

’

e

aft: integer:=3; A
exp: integer:= 0) is LS
lat: float; )
fong: float; - -
height: float; N
temp: float; ne by h
begin R: b,
Oy
g
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if length(v) < min_len then
put(”(Center of the Earth)”);
return;
end if;
lat:= arcsin(v.z/length(v));
temp:= sqrt(v.x*v.x + v.y*v.y);
if temp = 0.0 then
long:= 0.0;
else
long:= arcsin(v.y/temp);
end if;
height: = length(v) - Latitude_n_Longitude.Re;
lat:= lat * 180.0/p1;
long:= long ¢ 180.0/ p1;
#v.x < 0.0 then
long:= 180.0 - long;
elsifv.y < 0.0 then
, long:=long + 360.0;
end if;
height: = height / Cones_n_Platforms.PpL_lunits_per_kilometer;
put(*(fat = *);
put(lat,fore,aft,exp);
put(” deg.,long=");
put(long,fore,aft,exp);
put(” deg.,hgt = ™);
put(height,fore,aft,exp);
put(” km.)");
exception
g when others =>
put_line("An untrapped exception occurred in” &
” Vector_IO.put.”);
raise;
end;

end Vector_10;

RV '
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5. SDS0 BM/C?
The following SAGEN code defines the BM/C?® processes of SDS0. Figure 5-1 through

2 Figure 54 illustrate the SADMT process architecture of the system. Figure 5-1 through it
:: Figure 5-3 show the architectures of a Command_Post, Weapon_Platform, and Sensor_Platform,

¢ respectively. Figure 5-4 shows the next-level decomposition of the Sensor_Platform_Processing o
:: process form the Sensor_Platform platform. ™

Command Post Platform

Y -

Command Post Platform Processing

Start < Time Start Processor
e—————

i timer timer 8,

Recv
Sound Timer *;

¥ alarm Alarm > alarm Send seasor
' status mA’

3 / 3

1
' ensor ms
Status ms & >
i ."b .h

Se}x{or Order 3
data xmit - '~ Y :
; 4\
,. rev Comm ,\* ‘
' ™ h
Wave
' in :,\‘- -
A\ S .:
Y v
e ave msg B
~
» . f. " F
: Beamings

b PIG

Figure 5-1. Command Post Architecture.
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e

[
i

>
5

—_— Command_Post Platform Description

Ko

Cd
;5"1_':":'

4 -— DESCRIPTION

v
L

The Command Post (CP) enables the system (by sending an "at war”
message) once it hears about any targets. It disables the system

(by sending an "at peace” message) after hearing about zero

targets for more than an hour.

The CP sends one of these messages to all satellites every 10 seconds.
On a peace-to-war transition, a message is sent immediately.

k

RN

— PLATFORM SPECIFICATION
$platform Command_Post:= Command_Post is
Sparameter CpP_id: string(1..7):= ("~CP—");
D $subprocess Command_Post_Processing: = (cp_id),
> Ground_Station_Communication_T™: = (cP_id);
— The PIG is a predefined subprocess of every platform

[ $subdata Order, Track_data, Cone_msg;

$end;

— PORT LINKAGES

with Sensor_Cone_Response_TM_pkg;
$links Command_Post is

) $begin
~— Exclude the Radar Return TM

exclude_dyn_module(MYSELF,
Sensor_Cone_Response_TM_pkg.Sensor_Cone_Response_TM_designator);

)

2

Ae

g — Connect Command_Post to Ground_Station_Communication_TM ::"
internal_link (Command_Post_Processing.Send_status_msg, \:‘:’i

3 Ground_Station_Communication_T™.Order_xmit); ::.-"

’ internal_tink (Ground_Station_Communication_TM.Sensor_data_rcv, .@":E..

Command_Post_Processing.Recv_sensor_msg);
-— Connect PIG to Ground_Station_Communication_TM

%
P
»

internal_link (P1G.Beamings, NENT
3 Ground_Station_Communication_TM.Cone_in); .\_-:~ >
$end; .'.:‘-_:_..
RS
RO
— PROCESS SEMANTICS .\:.“\:,
4 —— The semantics of this platform are defined within its subprocesses. A
— Older versions of Sagen required the $task, this one doesn’t »._».
.j\‘}\-
A
— Command_Post_Processing Process :.nbn
OO
+ \'.).‘R
, — PROCESS SPECIFICATION AR

$Sprocess Command_Post_Processing is

Sparameter cp_id: string(1..7):= ("--CP--");

21
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Sinport Recv_sensor_msg: Track_data;
Soutport Send_status_msg: Order;

$subprocess Processor:= (cp_id),
Timer:= (cp_id);

$subdata Time, Boolean;
$end;
— PORT LINKAGES
$links Command_Post_Processing is
$begin

~— Connect Processor to parent (Command_Post_Processing)
inherited_link (Recv_sensor_msg,
Processor. Recv_sensor_msg);
inherited_link (Processor.Send_status_msg,
Send_status_msg);
~— Connect Processor to Timer
internal_link (Processor.Start_timer,
Timer.Start_timer);
internal_link (Timer.Sound_alarm,
Processor. Timer_alarm);

$end;
—— TASK SEMANTICS

— The semantics are defined in the subprocesses Processor and Timer.
— Older versions of Sagen required the $task, this one doesn’t

—_ Processor Process

—— PROCESS SPECIFICATION
$process Processor is
$parameter CP_id: string(1..7):= ("-CP--");

Sinport Recv_sensor_msg: Track_data,
Timer_alarm: Boolean;

Soutport Send_status_msg: Order,
Start_timer: Time;

Send;
— PORT LINKAGES
— There are no port linkages within this process
—— Older versions of Sagen required the $link, this one doesn’t
— TASK SEMANTICS
$task Processor is
Status: Order;
Last_target_time: PDL_time_type;
Targets_detected: Boolean;

Sensor_info: Track_data;

sec: constant:= PDL_ticks_per_second;

22
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min: constant:= 60 * PDL_ticks_per_second;

$begin

— Start at peace
Status. Initiator:=~ CP_id;
f ) Status.Order:= DEFCON7;

— Send status to all satellites
Emit (Send_status_msg, Status);

— *** DEMO MSGS ***
if Current_debug_level > 20 then
Put (cr_id);
Put (" broadcast status );
if Status.Order = DEFCON1 then
Put ("war.”);
elsif Status.Order = DEFCON7 then
Put ("peace.”);
end if;
Put (" T=");
Put (Current_rDL_time);
New_line;
) end if;
— **+* DEMO MSGS ***

— Start the 10 second timer
Emit (Start_timer, 10*sec);

loop

— If no msgs are waiting, then
if (Port_length (Recv_sensor_msg) = 0) AND
(Port_length (Timer_alarm) = 0) then

— Wait 10 sec to send next status msg or
—— until msg arrives from sensors
Wait_for_activity;

a

else

i . LS
o — If any msgs arrived from the sensors, then "':
if Port_length (Recv_sensor_msg) > O then <.:;
N
Ny
P — Check to see if any sensors report targets AN
Targets_detected: = FALSE; ‘\'_-':'_)‘-

foriin 1..Port_length (Recv_sensor_msg) loop
Sensor_info:= Port_data (Recv_sensor_msg);

» e
4 — *** DEMO MSGS *** TN
if Current_debug_level > 20 then :5.';-.
Put (cp_id); gy
’ Put (" recvd msg from sensor™); -‘:.-_:
r Put (Sensor_info.Initiator); o
] Put (";");
Put (Sensor_info.Number._of_targets); TN
Put (” targets detected.”); A :
! Put (" T="),; N ,
f Put (Current_pDL_time); AR
New_line; }\ : ¢
endif; :&.q
— *** DEMO MSGS *** i
@
Consume (Recv_sensor_msg); )
if Sensor_info.Number_of_targets > 0 then RGN
s Targets_detected: = TRUE; '»':'- '
N}\ 2
)
L
\$ \{ (
AV
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end if;
end loop; —

i -— If any sensors report targets detected, then )
§ if Targets_detected then

—- If status had been peace, then change to war F‘
if Status.Order = DEFCON7 then f_’;
Status.Order:~ DEFCON1;

T RSN NN S

—- Send status msg to all satellites ~ '
Emit (Send_status_msg, Status); ot

X — **s DEMO MSGS *** v
) if Current_debug _level > 20 then o
% Put (cP_id);
Put (" broadcast status ”);
Put ("war.”);
Put (" T="); e
Put (Current_pDL_time); P by
New_line; C
end if;
— *** DEMO MSGS ***

-

' s R

- o

— Record the last time targets were seen
Last_target_time:= Current_pDL_time;

end if; 4
endif; &

else :

-— Timer must have gone off b,

I

~— Remove the Timer msg from the quéue ht
Consume (Timer_alarm);

|

¥
~— Send status msg to all satellites Kl
Emit (Send_status_msg, Status); )Y
' Ve nY
X — *** DEMO MSGS *** RV,

-
“»

\ if Current_debug_level > 20 then
Put (cp_id);
Put (” broadcast status *); v )
if Status.Order = DEFCON1 then LA
Put ("war.”); [
elsif Status.Order = DEFCON7 then .
Put ("peace.”); .\: :
) end if; > -
! Put (" T="); -
Put (Current_pDL_time);
‘ New_line; 2
b . oo
end if; MV
; — *** DEMO MSGS *** =X
end if; A
R
— If at war and no targets are detected for 1 hr, then AU
—- return to peaceful status. ,
if Status.Order = DEFCON1 then
| if Current_ppL_time > Last_target_time + 60*min then o :“
; Status.Order: = DEFCONT; \Q‘ )
[ end if; Ly
¥ end if; N
end if; . )
end loop; ~ c
exception
when others => Put_line("**Some error in Processor_init**”);
$end; .
\ [T )
l"',.' s
\ » J'.. LY
¥
LY
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t]
—_ Timer Process
— PROCESS SPECIFICATION
\y $process Timer is
- $parameter cP_id: string(1..7):= ("—CP—");
. $inport Start_timer: Time;
[}
’ $Soutport Sound_alarm: Boolean;
K $end;
K — PORT LINKAGES
— There are no port linkages within this process
: — Older versions of Sagen required the $link, this one doesn’t
H — TASK SEMANTICS
- $task Timer is
.
3 Interval: Time;
‘Wake_up: constant Boolean:= TRUE;
$begin
s wait_for_activity;
Interval: = Port_data (Start_timer);
A consume (Start_timer);
loop
wait (Interval);
N emit (Sound_alarm, Wake_up);
[
end loop;
Send;
?
)
Y,
)
D)
)
4
25
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A e==see-= WEAPON PLATFORM -------
. =2
L)
i 2o
C‘.
:E:q —_ Weapons_Platform Platform Description
A%
) @
. B%s
v
"
i — DESCRIPTION
EY) —_—
— The Weapons Platform (WP) listens to each incoming message.
Wt — Ifitis a command message, the WP gets the (%
;1‘. — current status from it. Only if it is at war does the NS,
q‘:’ — WP process messages from the sensor satellites. Furthermore, the WP
l:. —- is concerned only with non-relayed sensor messages.
be
\ —
‘!‘. — For each message processed, the WP finds the target with the highest o
—— probability of kill (Pk). If that Pk is higher than some minimum, it
- — shoots that target.
l.g. —_— 35'
6‘5: d
‘.‘.‘
i
Wy Weapons Platform
P e
1.0 ‘Nl
Sy
o
i
;' Weapons Platform Processing >
e -
$: Recv Recv Recv
ho.t Requost WP sensor status i ra
WP ire
. 4o mw  mm weapon 3
i
' Sensor] Statu%
™ dat ms ms arget vector E
" o
':\ $0r Order 34— =
. Data . . s
Motion Req o:“ data xmit Target Collision ®
B . xmit . i}
;:3 ™ N Comm " ™ ‘J-’
w! ™
o Event Platform Data| Weapon Collision .
: " in m Wave TM in :::‘
. in T
A K
e -
o s ph
’.' " Event ms) Wave ms ollision msg -
12 g
v A
Q‘ Events  Beamings Collisions
e
. 'ﬂ“.\
i PIG 2
LY
N
&0
4 [
;: Figure 5-2. Weapons Platform Architecture.
I’q »
e >
0 %
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o

W
— The WP does not bother to count its remaining KEWs; it keeps playing
— the game even after it has exhausted its supply.

s —~— PLATFORM SPECIFICATION

$platform Weapons_Platform:= Weapons_Platform is
$parameter Wr_id: string(1..7):= ("-WP—"),

$subprocess Weapons_Platform_Processing: = (wp_id),
KKV_Weapon_TM: = (Wp_id),
Weapons_Platform_Communication_T™:= (Wp_id),
(X Platform_Data_1™M:= (WP_id),
’ Orbit_Equation_Of_Motion_TM:= (WpP_id);
- The PIG is a predefined subprocess of every platform

L) Ssubdata Vector, Order, Track_data, Platform_data_req, Platform_data,
3 Cone_msg, Event_Msg;
T, $end;
LA
i — PORT LINKAGES

. with Sensor_Cone_Response_TM_pkg;
: ; $links Weapons_Platform is

- $begin

—— Exclude the Radar Return TM

) exclude_dyn_module(MYSELF,

Wy Sensor_Cone_Response_TM_pkg.Sensor_Cone_Response_T™_designator);

— Connect Weapons_Platform_Processing to KKV_Weapon_TM
internal_link (Weapons_Platform_Processing.Fire_weapon,
KKv._Weapon_1M. Target_ia);

— Connect Weapons_Platform_Communication_TM to

— Weapons_Platform_Processing

internal_link (Weapons_Platform_Communication_T™.Sensor_data_rcv,
Weapons_Platform_Processing.Recv_sensor_msg);

[t

internal_link (Weapons_Platform_Communication_TM.Order_rcv,
Weapons_Platform_Processing.Recv_status_msg);

»
—- Connect Weapons_Platform_Processing to Platform_Data_TM
internal_link (Weapons_Platform_Processing.Request_wp_data,
A Platform_Data_TM.Req_in);
I
internal_link (Platform_Data_t™.Data_out,
Weapons_Platform_Processing.Recv_wp_data);
o
| Q —— Connect PIG to Weapons_Platform_Communication_TM
internal_link (P1G.Beamings,
Weapons_Platform_Communication_TM.Cone_in);
]
— Connect PIG to Orbit_Equation_Of_Motion_TM
internal_link (piG.Events,
- Orbit_Equation_Of_Motion_T™.Event_in);
N
X $end;
h —— TASK SEMANTICS
—— The semantics of this platform are defined within its subprocesses
B —— Older versions of Sagen required the $task, this one doesn’t
K
M)
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— Weapons_Platform_Processing Process N
-a Y
’
— THIS PROCESS USES ol
— N
— Procedure, Find_Pk, to determine probability of kill. - N
—— Function, Aim, to determine the vector for firing the weapon. k .(. r,:- '
— SN Yy
— SIMULATION TIME USED "
—- The computing time for this algorithm is (3 + 0.2/target) seconds. t?;
Y q
— PROCESS SPECIFICATION h ‘X8
: P
$technology_module Weapons_Platform_Processing is A
2
$parameter Wp_id: string(1..7):= ("-WP—"); lhad "
' ’
$inport Recv_sensor_msg: Track_data, oW
Recv_status_msg: Order, g |",
Recv_wr_data: Platform_data; .!:
)
$outport Fire_weapon: Vector, q K"
Request_wp_data: Platform_data_req; o, N
$Send; ! 4
- h ‘
— PORT LINKAGES e
— There are no port linkages within this process \.i' ' Al
-— Older versions of Sagen required the $link, this one doesn’t A g
¥ — TASK SEMANTICS ™ !F Y
with Track_data_rec_ptr_pkg,Vector_lo; o
use Track_data_rec_ptr_pkg,Vector_io; rad
$task Weapons_Platform_Processing is ’(_“,( & \
"-:". i
Status_msg: Order; =~ e
Status: Defense_status; _\1'
Sensor_info: Track_data; »
Pk: Float:= 0.0; g
Pk_max: Float:= 0.0; o i-:’
wp_data: Platform_data; ;ﬁ .
My_position: Vector; ~ "
Best_target: Track_data_rec_ptr; ,":." '; )
Current_target: Track_data_rec_ptr; o !
Target_vector: Vector; \
Seed: Integer:= 15; )
o
«? *
Pk_min: constant Float:= 0.2; o -_T- :
sec: constant:= PDL_ticks_per_second; A
km: comstant:= PDL_lunits_per_kilometer; :5 3
™~y
procedure Find_Pk ( .' "5
Target: in Track_data_rec_ptr; =~
Pk: out Float) is
‘* N
procedure Rand (Seed: in out integer; Num: out float) is _'-': :,
—- Returns a float proportional to the random integer oy
-—in the range 0.0 .. 1.0. ~
v : O
A: constant:= 13849;
M: constant:= 65536; -
C: constant:= 56963, ;.\ )
\ ’
begin o N
n Y & N
RO
'l
o
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Seed:= (seed * A + C) mod M;
Num:= float(seed) * 1.52587890625E-5;
end rand;

begin
if Length (My_position - Target.Position) > Float(4500*km) then
Pk:= 0.0;
else
Rand (Seed, Pk);
end if;
end Find_Pk;

function Aim (
Target: in Track_Data_rec_ptr;
My_position: in Vector)
return Vector is

L\ intercept_point: vector;

B new_target_position: vector;
distance: float;
delta_t: float;
delta_d: float:=~ 1.0;

begin

new_target_position: = target. position;
' while deita_d > 0.00001 loop

intercept_point: = new_target_position;
distance: =~ length(intercept_point - my_positiou);
delta_t:= distance / (5.0 * Float(km/sec));
new_target_position:= target.position + (delta_t * target.velocity);
deita_d:= Length (new_target_position - intercept_point);

end loop;

return intercept_point;

¥ end Aim;
$begin

— Start at peace
Status:= DEFCON7;

loop

—- If no msgs are at any ports, then wait for msgs to come in
if Port_length (Recv_status_msg) = 0 AND

Port_length (Recv_sensor_msg) = O then ..

Wait_for_activity; A

A

else .:_.\- J:
~— If a status msg has arrived, then update the status Ay
/ if Port_length (Recv_status_msg) > 0 then R
. ARG

Status_msg:~ Port_data (Recv_status_msg); Zehoh,

Consume (Recv_status_msg);

Status:= Status_msg.Order; v ."-‘%
' 0
— *** DEMO MSGS *** AT,
¥ if Current_debug_level > 20 then Ly
Put (wp_id); .jw iy
Put (" recvd status ”); g
-« N { ¥
if Status = DEFCON1 then
Pui ("war™); L J
elsif Status = DEFCONT then d‘{""\ '
Put ("peace™); . }'\:\. \
end f; A R
o
oY
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Put (" from ™);
Put (Status_msg.Initiator);
Put (". T=");
Put (Current_pDL_time);
New_line;

end if;

— *** DEMO MSGS ***

end if;

— If a sensor msg has arrived, then

it Port_length (Recv_sensor_msg) > 0 then
Sensor_info:= Port_data (Recv_sensor_msg);
Consume (Recv_sensor_msg);

—~- If the msg came directly from a sensor (i.e., not a relay) AND
—- current status is DEFCON1, then
it (Sensor_info. Track_list /= null) AND (Status = DEFCON1) then

— DEMO Ry

-— Get rid of the extra sensor msgs

for i in 1..Port_length(Recv_sensor_msg) loop
Consume (Recv_sensor_msg);

end loop;

— . DEMO %

— If any targets were detected, then
if Sensor_info.Number_of_targets > 0 then

-— Get the current position of the Weapons Platform
Emit (Request_wp_data, 0);

Wait_for_activity ((1=>Recv_wr_data.Port));
wr_data:= Port_data (Recv_wp_data);

Consume (Recv_wp_data);

My_position: = wp_data.Position;

— Pick the best target
Pk_max:= 0.0;
Current_target: = Sensor_info. Track_list;

while (Current_target /= null) loop
Find_Pk (Current_target, Pk);
if Pk > Pk_max then
Px_max:= Pk;
Best_target: = Current_target;
end if;

— Get the next target
Current_target:= Current_target.Next_rec;
end loop;

— If the Pk is acceptable, then
if Pk_max >= Pk_min then

-— Aim at the selected target
Target_vector:= Aim (Best_target, My_position);

—— Shoot at the target
Emit (Fire_weapon, Target_vector);

— *** DEMO MSGS ***

if Current_debug_level > 20 then
Put (wp_id);
Put (" fired weapon toward target at *);
Put (Target_vector);
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t
()
Put (”. T=");
Put (Current_PDL_time);
New_line;
end if;
— *** DEMO MSGS **+
end if;
' end if;
K end if;
end if;
. Wait (sec/2);
W/ end if;
end loop;
exception
i when others => write_process_full(MYSELF,”**Some error in ”);

h $Send;
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==a--== SENSOR PLATFORM
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— Sensor_Platform Platform Description

— DESCRIPTION

— PLATFORM SPECIFICATION

Splatform Sensor_Platform:= Sensor_Platform is

$parameter sp_id: string(1..7):=~ ("-SP--");

Ssubprocess Sensor_Platform_Processing: = (sp_id),

The sensor platform scans the world and sends reports (to everyone)
about all detected targets. (Messages are sent regardless of whether
targets are detected or not. It also rebroadcasts summaries of
sensor messages originated by sensors of higher sensor-ID.

Sensor Platform

Sensor Platform Processing

Recv

sensor Employ

!xs sensor

Sensor
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Figure 5-3. Sensor Platform Architecture.
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Figure 54. Next-Level Decomposition of Sensor Platform Processing
¥ Sensor_Device_TM: = (sp_id),
Sensor_Satellite_Communication_T™M:= (sp_id),
Platform_data_tm:= (sp_id);
:| — The PIG is a predefined subprocess of every platform
- $subdata Sense_req, Track_data, Platform_data_req, Platform_data,
Cone_msg;
% Send;
L) with Sensor_Cone_Response_T™M_pkg;
:l Slinks Sensor_Platform is
$begin
A — Exclude the Radar Return TM
exclude_dyn_module(MYSELF,
Sensor_Cone_Response_TM_pkg.Sensor._Cone_Response_TM_designator);
4 —- Connect Sensor_Platform_Processing to Sensor_Device_TM w:.‘?
" internal_link (Sensor_Platform_Processing.Employ_sensor, i
Sensor_Device_T™.Sense_cmd); . d ]
. internal Jink (Sensor_Device_TM.Sensor_data, = "\ h
Sensor._Platform_Processing. Recv_sensor_info); . ‘$‘ A
. \l
A
— Connect Sensor_Platform_Processing to }J "}
—- Sensor_Satellite_Communication_TM _‘\c:-s.
— (Since the status msg is not used in this process, we RN
— don’t need to link to the TM port that sends it.) Y
internal_link (Sensor_Platform_Processing.Send_sensor_msg, ;
Sensor_Satellite_Communication_TM.Sensor_data_xmit); ,\:\
d internal_link (Sensor_Satellite_Communication_TM.Sensor_data_rcv, S
) Sensor_Platform_Processing.Recv_sensor_msg); ": > g
P
Y
N

%
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' ¥
— Connect Sensor_Platform_Processing to Platform_Data_TM Py
internal_link (Sensor_Platform_Processing. Request_sp_data, S
Platform_Data_TM.Req_in); [ ]
internal_link (Platform_Data_t™.Data_out, ) ;'/"
Sensor_Platform_Processing. Recv_sp_data); \
&
—- Connect PIG to Sensor_Satellite_Communication_TM ) : '$|
internal_link (piG.Beamings, !
Sensor_Satellite_Communication_TM.Cone_in); 4 f'
—— Connect PIG to Sensor_Device_TM -
internal_link (piG. Beamings, A N
Sensor_Device_M.Cone_in); S
L .f
$end; ot
‘:: v,
— TASK SEMANTICS »
—- The semantics of this platform are defined within its subprocesses. ST
-— Older versions of Sagen required the $task, this one doesn’t :‘:v -_"_ 4
N S
\} ‘
— Sensor_Platform_Processing Process « '_:-r‘
x': :.'\h
— PROCESS SPECIFICATION !;,«
$process Sensor_Platform_Processing is tj t. \
L
~ M
$parameter sp_id: string(1..7):= ("—SP—"); - ;‘i
$inport Recv_sensor_info: Track_data, b
Recv_sensor_msg: Track_data, - ,..
Recv_sp_data: Platform_data; T __-: \
e
Soutport Employ_sensor: Sense_req, x ?‘.::
Send_sensor_msg: Track_data, et
Request_sp_data: Platform_data_req; ELIRAN
. "3
$subprocess Sense:= (sp_id), .
Relay: = (sp_id); o3 7" .
&%
$end; L :f h
3 N ,
g
— PORT LINKAGES AN
, A
$links Sensor_Platform_Processing is « v
$Sbegin s ’:r‘
—- Connect Sense to parent (Sensor_Platform_Processing) o : )
inherited_link (Recv_sensor_info, '_
Sense.Recv_sensor_info); o 3
inherited_link (Sense. Employ._sensor, AN
Employ_sensor); ®
inherited_lnk (Recv_sp_data, "
Se »=.Recv_sp_data); .. - "_ :
inherited_: 1« (Sense.Request_sp_data, S
Re ,uest_sp_.data); droee
inherited_link (Sense.Send_sensor_msg, ”-._ \
Send_sensor_msg); . : .
—— Connect Relay to parent (Sensor_Platform_Processing) - &
inherited_link (Recv_sensor_msg, ™
Relay.Recv_sensor_msg); :. !
inherited_link (Relay.Send_sensor_msg, SRS
i \f
-ﬂ *
~o
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Send_sensor_msg);
$end;

— TASK SEMANTICS
—- The semantics are defined in the subprocesses Sense and Relay
— Older versions of Sagen required the $task, this one doesn’t

-— Sense Process

N — TASK SPECIFICATION
$process Sense is

$parameter sp_id: string(1..7):= ("-SP—");

$inport Recv_sensor_info: Track_data,
1 Recv_sp_data: Platform_data;

[

- &
~I
P ey

rok's

Soutport Employ_sensor: Sense_req,
Request_sp_data: Platform_data_req,
Send_sensor_msg: Track_data;
N $end; ot

5
% S dcs

~
J

%

— PORT LINKAGES e
- — There are no port linkages within this process Cue
¥ — Older vessions of Sagen required the $link, this one doesn’t -.: .
) Pt
i — TASK SEMANTICS AN
.l. o,
* with Vector_pkg; R
use Vector_pkg; . .9
$task Sense is :'.':\.' )
’,'bz.‘- .
sp_data: Platform_data; (_\..\-: ¢
My_position: Vector; Tl
Sense_area: Sense_req; :\::".\
Sensor_info: Track_data; pPLYe
My_id: Integer:=0; ®
sec: constant:= pDL_ticks_per_second; T,
{ A
function Get_int_id (Id_string: string) return Integer is ; j\::
begin AT
case Id_string (7) is : :-" ;
when’1’ => return 1; e N
when ’2’ => return 2; -
when '3’ => return 3; _ ‘. -
; when ’4’ => return 4; :-’.;"‘ ¢
when others => .;\i*'- !
Putine ("*** ERROR *** - Sense found incorrect id”); G
return 0; : ,‘-_.: ;
f end case; »’b"\. i
end Get_int_id; ‘-‘:" ]
W
$begin R
loop h

s
R A

gk

—- Get the current position of the Sensor Platform
Emit (Request_sp._data, 0); e
Wait_for_activity ((1=>Recv_sP_data.Port)); R

sp_data:= Port_data (Recv_sp_data); :-".
Consume (Recv_sp_data); ,
My_position: = sp_data.Position;

R
Y
P

"

-
-

P A
.

&
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— Set the current sense location

— Sense_area. Axis:=~ (0.0, 0.0, 0.0) - My_position
_— (0.0, 0.0, 0.0) - destination;

-— Sense_area. Half _angle:= 360.0;

— Sense_area.Blackout_radiuse= 0.0;

— Send a msg to the sensor module requesting sensor data
Emit (Employ_sensor, ( (0.0,0.0,0.0), (0.0,0.0,0.0), 360.0, 0.0) );

— Wait for the sensor data to be returned
Wait_for_activity ((1=>Recv_sensor._info.Port));

—— Read the data from the port
Sensor_info:= Port_data (Recv_sensor_info);

— Remove that msg from the port queue
Consume (Recv_sensor_info);
end if;

— Complete the message by assigning the sensor id
My_id:= Get_int_id (sp_id);
Sensor_info.Initiator:~ My_id;

— Send the msg
Emit (Send_sensor_msg, Sensor_info);

— *** DEMO MSGS ***

if Current_debug_level > 20 then
Put (sp_id);
Put (" sent sensor msg; ”);
Put (Sensor_info.Number_of_targets);
Put (" targets detected.”);
Put (" T=");
Put (Current_pDL_time);
New_line;

end if;

— *** DEMO MSGS ***

Wait (2*sec);
end loop;
exception

Put_line("**Some error in SPP_task**");
$Send;

Relay Process

—- PROCESS SPECIFICATION

$process Relay is
$parameter sp_id: string(1..7):= ("-SP—");
Sinport Recv_sensor_msg: Track _data;
Soutport Send_sensor_msg: Track_data;

$end;

-— PORT LINKAGES

— There are no port linkages within this process

-— Older versions of Sagen required the $link, this one doesn’t

-— TASK SEMANTICS
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$task Relay is

Sensor_msg: Track_data;
My_id: Integer:= 0;
Initiator: Integer: =0;

sec: constant:= PDL_ticks_per_second;

function Get_int_id (Id_string: string) return Integer is
begin
case Id_string (7) is
when ']’ => return 1;
when *2’ => return 2;
when ’3’ => return 3;
when '4’ => return 4;
when others =>
Put_Jine ("*** ERROR *** - Relay found incorrect id");
return 0;
end case;
end Get_int_id;

$begin
loop
My_id:= Get_int_id (sp_id);

— If no sensor msgs have arrived, then wait for them.
if Port_length (Recv_sensor_msg) = 0 then

Wait_for_activity;

else
-— If a sensor msg has arrived from another platform, then
if Port_length (Recv_sensor_msg) > 0 then

— Read the msg from the port
Sensor_msg: = Port_data (Recv_sensor_msg);

— Remove that msg from the queue
Consume (Recv_sensor_msg);

— If the id of the msg initiator is higher than my sensor id
it Sensor_msg.Initiator > My_id then

Sensor_msg.Initiator:= My_id;
Sensor_msg. Track_list:= null;
Emit (Send_sensor_msg, Sensor_imnsg);
end if;
end if;
end {if;

Wait (1*sec);
end loop;

exception

$end;
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6. Threat Architecture

The threat architecture is a Russian_Missile_Base_Platform that launches one missile every
3 twenty seconds. The missile description is given in the Russian_Missile_Platform code. Basi- =N

,: cally, the missile is launched from the missile base by the Russian_Missile_Launcher. The i
\ launcher computes the target and the trajectory of the missile, and then creates a missile plat- ;& ]
o form with the given trajectory. o
\ .

D The Russian_Missile_Platform contains two technology modules. One module returns sensor "

echos when beamed by a sensor, and the other module determines the result of collisions.

&

«==ausaa RUSSIAN_MISSILE_BASE_PLATFORM --------

Pl

i $platform Russian_Missile_Base_Platform:=Russian_Missile_Base is
$subprocesses Russian_Missile_Launcher_t™:=~ (id), Russian_Missile_Base_BMc3:= (id);
$parameter id:string(1..7):= ("R_BASE ”);
$subdata Target;

$end;

2

Dol L -]

RS

with Sensor_Cone_Response_TM_pkg;
$links Russian_Missile_Base_Platform Is
$begin
internal_link(Russian_Missile_Base_BMc3.target_out,
Russian_Missile_Launcher_TM.target_in);
exclude_dyn_module(MYSELF, -
Sensor_Cone_Response_TM_pkg.Sensor._Cone_Response_TM_designator);

exception
when others => put_line(”***Some error in Russ_Miss_Base_Plat_init***");

$end;

—ecmenne RUSSIAN_MISSILE_BASE_BMC3 ----«---

$process Russian_Missile_Base_BMcC3 is
Soutport target_out:Target;
$parameter platform_id:string(1..7):~ ("——");

$Send; .

with math, random;
use math, random;

s $task Russian_Missile_Base_smc3 is :-;‘. J
target_lat: float; _g 3

target_long: float;
seed: integer:= 21;

: MISSILE_LIMIT: constant:= 20; N
r SECONDS: constant:= PDL._ticks_per_second; &f‘ !
$begin -
for i in 1..MISSILE_LIMIT loop S
”' rand(seed,target_lat); O ‘
M target_lat: = target_lat * 15.0 + 30.0; Rt
i rand(seed,target_long); S
' target_long:= target_long * 45.0 + 240.0; "
. emit(target_out,(target_lat,target_long)); “ <
wait(PDL_duration_type(20 * SECONDS)); *
end loop; t

exception
when others => put_line("***Some error in Russ_Miss_Base_BMC3_TM_task***");,
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$end;

----- --- RUSSIAN_MISSILE_LAUNCHER_TM «-------

Stechnology_module Russian_Missile_Launcher_TM™ is
Sinport target_in:Target;
$parameter platform_id:string(1..7):= ("——");
$end;

with Vector_pkg,
Vector_io,
Math,
Russian_Missile_Platform_pkg,
latitude_n_longitude;
use Vector_pkg,Vector_o;
$task Russian_Missile_Launcher_tM™ is
use Russian_Missile_Platform_pkg,
Russian_Missile_Platform_cP_pkg,
latitude_n_longitude,
Cones_n_Platforms.eqn_motion_pkg;
use Russian_Missile_Platform_rarRAM_pkg;
use Math;
SECONDS: constant:= PDL_ticks_per_second;
KM: constant:= PDL_Junits_per_kilometer;
current_target: Target;
my_latitude: constant:= 55.8/180.0 * pr;
my_longitude: constant: = 37.9/180.0 * p1;
mu: constant:= (3.98633€5 * (kM ** 3)) / (SECONDS * SECONDS);
missile_com: eqn_motion_type;
next_com_rec: eqn_motion_type;
init_pos: Vector;
temp: float;
flight_time: float;
delta_t: PDL_duration_type;
target_site: Vector;
normal: Vector;
perigee: Vector;
inclination: float;
omega: float;
phi: float;
xref, yref: float;
delta_1: float;
v_min: float;
gamma: float;
axis: float;
eccentricity: float;
mean_motion: float;
theta: float;
E, sin_of_E: float;
tau: float;
All, A12, A13: float;
A21, A22, A23: float;
c1, c2: float;
mean_anom: float;
Ecc_Anom: float;
missile_pum: integer:= 1;
missile_param: Russian_Missile_Platform_parameterization_ptr;
$begin
init_pos:= location(my. Jatitude, my_longitude);
temp: = length(init_pos);
temp:= (temp + 1.01*kM)/temp;
init_pos:= init_pos * temp;
loop
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wait_for_activity((1=>target_in.Port),StartTime => 0);
current_target:= port_data(target_in);
consume(target_in);
target_site: = location(current_target.latitude,

current_target.longitude);
if current_debug_level > 10 then
put("("); put(platform_id); put(")");
put("(RMBLAUN) launch request: ”);
put(target_site);
put_line(”.”);
end if;
normal.x:= init_pos.y * target_site.z
- init_pos.z * target_site.y;
normal.y:= init_pos.z * target_site.x
- init_pos.x * target_site.z;
normal.z:= init_pos.x * target_site.y
- init_pos.y * target_site.x;
inclination: = arccos(normal.z/length(normal));
omega: = arctan( - normal.x / normal.y);
phi:= arccos((init_pos * target_site)
/(length(init_pos) * length(target_site))
)/2.0;
perigee:=~ (-1.0) * (init_pos + target_site);
xref:= abs(normal.y);
yref:~ abs(normal.x);
delta_1:= arccos(
(xref * perigee.x + yref * perigee.y)
/(sqrt(xref*sref + yref*yref) * length(perigee))

’
if perigee.z < 0.0 then
delta_1:= delta_1 + p1;
end if;
v.min:= sqrt((2.0 * sin(phi)) / (1.0 + sin(phi)});
gamma:= arcsin(cos(phi))/2.0;
axis:= Re / (2.0 - v_min*v_min);
eccentricity:= sqrt((1.0 - v.min®*v_min*(2.0-v_min**2.0))
* (sin(gamma)**2.0));
mean_motion:= sqrt(mu/(axis**3.0));
theta:= pi - phi;
sin_of_E:= sqrt(1.0 - eccentricity*eccentricity)*sin(theta)
/(1.0 + eccentricity * cos(theta));
E:= arcsin(sin_of_E);
tau:= (E - eccentricity*sin_of_E)/mean_motion;
flight_time:= 2.0 * P1 / mean_motion - 2.0%tau;
all:= cos(deita_1) * cos(omega)
- sin(deita_1) * cos(inclination) * sin(omega);
Al12:= cos(delta_1) * sin(omega)
+ sin(delta_1) * cos(inclination) * cos(omega);
A13:= sin(delta_1) * sin(inclination);
A21:= - sin(delta_1) * cos(omega)
- cos(delta_1) * cos(inclination) * sin(omega);
A22:= cos(delta_1) * cos(inclination)* cos(omega)
-sin(delta_1) * sin(omega);
A23:;= cos(delta_1) * sin(inclination);
delta_t: = ppL_duration_type(flight_time / 20.0);
missile_eom:= new_eqn_motion_rec;
missile_eom.delta_t:= delta_t;
next_eom_rec:= missile_eom;
forjin1..19 loop
mean_anom: = mean_motion*(float(j*integer(delta_t)) + tau);
Ecc_Anom:= mean_anom
+ eccentricity ® sin(mean_anom)
+ eccentricity * eccentricity * sin(2.0*mean_anom)/2.0
+ (eccentricity ** 3.0)/2.0
* sin(mean_anom) ** 2.0 * cos(mean_anom)
+ (eccentricity ** 4.0)/6.0
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* sin(mean_anom) ** 3.0 * cos(mean_anom};
cl:= axis * (cos(Ecc_Anom) - eccentricity);
¢2:= axis * sqrt(1.0 - eccentricity * eccentricity)
* sin(Ecc_Anom);
next_eom_rec.position.x:= all*cl + a21%c2;
next_eom._rec.position.y:= al2*cl + a22%c2;
next_eom_rec.position.z:= al3%*cl + a23*c2;
itj <19 then
next_com.rec.next_rec:= new_eqn_motion_rec;
next_eom.rec:= next_eom_rec.next_rec;
next_ecom.rec.delta_t:= delta_t;
end if;
end loop;
missile_param:= new Russian_Missile_Platform_parameterization;
missile_param.id:= "RMiss ”;
put(missile_param.id(6..7),missile_aumy);
if current_debug_level > 50 then
put("(™); put(platform_id); put(”)");
put_line("(RMBLAUN) Launching missile now.”);
end if;
Russian_Missile_Platform_cP_pkg.create_platform(
Russian_Missile_Platform_designator,
param => missile_param,
initial_position => init_pos,
eqn_motion => missile_com,
expected_lifetime=>
PDL_duration_type(flight_time));
missile_num:= missile_num + 1;
wait(0);
end loop;

exception
when others => put_line(”***Some error in Russ_Miss_Launch_TM_task***"),

$end;

-------- RUSSIAN_MISSILE_PLATFORM --------

$platform Russian_Missile_Platform:=Russian_Missile is
$subprocesses Russian_Missile_T™M:= (id);
$parameter id:string(1..7):= ("missile”);
$subdata Platform_Msg,Event_Msg;

$end;

with Platform_Collision_TM_pkg;
$links Russian_Missile_Platform is
$Sbegin
internal_link(P1G.collisions,Russian_Missile_TM.part_in);
internal_link(PiG.events ,Russian_Missile_TM.event_in);
exclude_dyn_module(MYSELF,
Platform_Collision_TM_pkg.Platform_Collision_TM_designator);

exception
when others => put_line("***Some error in Russ_Miss_Plat_init***”);

Send;
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------ -« RUSSIAN_MISSILE_TM --«-----

, Stechuulogy_modu!. Russian_“issile_i1m is
2 $inport part_in:Platform_Msg,

) event_in:Event_Msg;

! $parameter platform_id:string(1..7):= ("~——"); ~
) $end;

with Vector_pkg,Vector_io;

use Vector_pkg,Vector_1o;
o $task Russian_Missile_T™ is ﬁ
W use Cones_n_Platforms.interface_procs; MR
;| SECONDS: constant:= PDL._ticks_per_second;
;': pos: vector; -
l: which_port: integer; ;;-3
Y $begin ”,
s loop :
. wait_for_activity((event_in.Port,part_in.Port),which_port, .
‘:l StartTime => 0,Time_out=>>SECONDS); h’
:“ it which_port=1 then
-.!; consume(event_in); il
¢ put("("); put(platform_id); put(”)");
" : put_line("(RMISSTM) Now I’'m dead (R.I.P.)"); o
4 destroy._self; ity §
end if; 4
X if which_port=2 then
:‘, consume(part_in); o5
N destroy_self; ";\
oy end if; '
,5:: if current_debug_level > 20 then )
" put("("); put(platform_id); put(”)"); o |
put("(RMISSTM) position update: ”); i
" pos:= platform_position; e
W~ put(pos);
:. put(” att = ");
.:: put(Current_PDL_time, 1); put(”.”); g i
f, new_line; t
::: end if; "
v end loop; 1

exception
o when others => write_process_full(MYSELF,”***Some error in ”,”***");
| Send;
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7. Technology Medules 4:.6

! The following contains all the technology modules referenced in the preceding SAGEN [ )
{r code. This includes the KKV_Platform, the Communication modules, the Sensor_Response ‘ ‘;
module, and others. l:

: i (
O
l‘Q..‘
l‘l‘:'

1. KXYV Technology @
&‘ The KKVs are launched by the KKV_Weapon_TM technology module. This module will }“,\"_-_
launch up to 12 KKVs. The KKV_Platform represents a projectile. This platform contains two gt

: technology module. The Platform_Collision_TM determines the result of a collision and the it
gg Tracker_TM periodically prints the location of the KKV. 5&
A

®
vy

e, avmeeess KKV_WEAPON_TM -------- o
Y . }_ ".l
with kkv_Platform_pkg; i ‘

$technology_module KKv_Weapon_Tm is Gt
?A Sinport target_in:Vector; B,
$parameter platform_id:string(1..7):= ("-KKV-"); ®
Send; 3y
Ia! "\"\"’ i
A.:_y\ )
y with Vector_io; \(,; .
use Vector_IO; A3
Stask KKv_Weapon_TM is S

use Cones_n_Platforms.interface_procs,Cones_n_Platforms.eqn_motion_pkg, .

f Kxv_Platform_pkg,kxv_Platform_pkg.kKV_Platform_cp_ pkg, s
use Kxv_Platform_PARAM_pkg; A
KM: constant:= pDL_lunits_per_kilometer; :..'\.. '

vy, SECONDS: constant:= PDL_ticks_per_second; o
5;. current_target: Vector; A
KKV_LIMIT: integer:= 12; ‘-_.\'

kkv_param: kkv_Platform_parameterization_ptr; ',

- kkv_id: string(1..7):= "KKV-#-"; @
" kkv_eom: eqn_motion_type; ;-; ¢
W init_pos: point_type; i) ‘
distance: float; t.f_'. ‘
5 flight_time: PDL_duration_type; e
""# temp: float; \":\.
h \,:_-, f
Sbcgln I.n
“ while kkv_LmIT > 0 loop -
4o wait_for_activity((1=>target_in.Port),StartTime => 0}; Sl
L‘-,, current_target: = port_data(target_in); _".-'_: ;
consume(target_in); ey
. init_pos:= platform_position; -,::-. 1
. : temp:= length(init_pos); -‘:
e.!, temp:= (temp - 1.01°kM)/temp; Ry

init_pos:= init_pos * temp;
distance: = length(current_target - init_pos);

iv
X 2o

:{- ﬂight_time.: = ppL_duration_type(integer( N Y
' distance / float(5 * kM / SECONDS) P
A.‘L' )); '-t_n
kkv_eom:= new_eqn_motion_rec; ':-,': ]
. kkv_eom.position: = current_target; _.:_,.
E kkv_eom.deita_t:= flight_time;
kkv_eom.next_rec:= null; "
kkv_param:= new kxv_Platform_parameterization; s
kkv_param.owner:= platform_id; I‘ d
% put(kkv_id(6..7), 13 - KicV_LIMIT); 0
N
A
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kkv_param.id: = kkv_id;
kxv_Platform_cP_pkg.create_platform(kkv_Platform_designator,

param => kkv_param,
initial_position => init_pos,
eqn_motion => kkv_eom,
expected_lifetime ~> flight_time);
KKV_LIMIT:= KKV._LIMIT - 1;
wait(0);
end loop;
loop
wait_for_activity((1=>target_in.Port),StartTime => 0);
consume(target_in);
wait(0);
end loop;
exception

when others => put_line("***Some error in KKV_Weapon_TM_task***");

$end;

«eeeeeee KKV_PLATFORM_PKG --------

$platform xkxv_Platform:=KKV is
$parameters owner:string(1..7):= (>—-"), id:string(1..7):= ("-KKV-");
$Send;

with Sensor.Cone_Response_TM_pkg;
$links kkv_Platform s
$begin .
exclude_dyn_module(MYSELF,
Sensor_Cone_Response_TM_pkg.Sensor_Cone_Response_TM_designator);

exception
when others => put_line("***Some error in KKV_Plat_init***");
$end;

«asseeee TRACKER_TM --ceec--

$dynamic_tech_module Tracker_TM:= TRACKER_TM is
$end;

with Vector_pkg, Vector_10;
use Vector_pkg,Vector_io;
Stask Tracker_TMis
use Cones.n_Platforms.interface_procs;
use FLT_IO;
pos: vector;
Seconds: constant: = ppL._ticks_per_second;
Sbegin
loop

wait(Seconds);

If current_debug_level >~ 0 then
put(”("); write_process_full(MYSELF,”(",”)”,end_of_line=>false);
put(” current position: ”);
pos: = platform_position;
put(pos);
put(” att=");
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put(float(Current_ppL_time)/float(Seconds),3,4,0);
put_line(” seconds.”);
end if;
Ny wait(0);
end loop;

exception
when others => write_process_full(MYSELF,”***Some error in ”,”**");
$end;
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B 7.2. Communications Technology
¢ Lgand
The communication technology is used to send and receive messages via SADMT cones. {
: The Ground_stanon_Communication_TM transmits orders from the Command_Post and o
% receives sensor data from the Sensor_Platforms.
.Q
L eennen=es GROUND_STATION_COMMUNICATION_TM -----u-.
" A
;:l $technology_module Ground_Station_Communication_TV. is e
B Sinport cone_in:Cone_Msg, -
% order_xmit:Order;
:0 Soutport sensor_data_rcv:Track_Data ; o
‘} $parameter platform_id:string(1..7):= ("—"); It
X $cone Order_ptr; i
Send;
W 2
i with Track_Data_ptr_pkg; \
@y $task Ground_Station_Communication_TM is Qd
d use Track_Data_ptr_pkg;
' current_order: Order; .
;)' o_ptr: Order_ptr; PR
wmsg: Cone_Msg; T e
i sensor_data. Track_Data;
) d_ptr: Track_Data_ptr; .
;0 A m_ptr: PDL_magic_ptr; e
' Sbegin : »()
o:‘ o.ptr:= new Order; N
:| . loop
RN wait_for_activity((order_xmit.Port,cone_in.Port),StartTime => 0); -
if Port_length(order_xmit) /= O then t
‘ current_order:~ port_data(order_xmit); " A
%4 consume(order_xmit); )
™ o_ptr.all:= current_order; o
KA wait(1); e
i) create_cone(Command_Transmission, data => o_ptr); N
f:l elsif Port_length(cone_in) /=0 then N
. wmsg: = port_data(cone_in); ™
- consume(cone_in); K-
) if wmsg.designator = Sensor_Data_Transmission then w
DA d_ptr:= cast_magic_ptr_into_track_data_ptr(wmsg.data);
e sensor_data: = d_ptr.all; )
» ) 4 LS
o wait(1); LA
0 emit(sensor_data_rcv, sensor_data); o
X end if; 9
end if; a
’\‘ wait(O) ) .'_‘.
Py end loop; ”~
A exception
: when others => put_line("***Some error in Gnd_Stat_Com_TM_task***"); N
Send; "
k2 N
p The Sensor_Satellite_Communication_TM broadcasts sensor data to all other platforms, o
. and it receives orders from the Command_Post and sensor data from other sensors. o
]
; = ]
4
it -
3 .
. %
N
3 %
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et
=eseaeee SENSOR_SATELLITE_COMMUNICATION_TM ---cec--
e $technology_module Sensor_Satellite_Communication_T™ is
Sinport cone_in:Cone_Msg,
sensor_data_xmit:Track_Data;
pl) Soutport order_rcv:Order,
) sensor_data_rcv:Track_Data ;
V1 $parameter platform_id:string(1..7):= ("—");
Scone Track_Data_ptr;
$end;
g
o with Order_ptr_pkg, Track_Data_ptr_pkg;
$task Sensor_Satellite_Communication_TM is
- use Order_ptr_pkg, Track_Data_ptr_pkg;
i) wmsg: Cone_Msg;
g current_order: Order;
o_ptr: Order_ptr;
sensor_data: Track_Data;
i‘l . d_ptr: Track_Data_ptr;
Pl which_port: integer;
) $begin
d_ptr:= new Track_Data;
..' loop
wait_for_activity((sensor_data_xmit.Port,cone_in.Port),which_port,StartTime => 0);
if which_port=1 then
sensor_data:~ port_data(sensor_data_xmit);
5 consume(sensor_data_xmit);
. d_ptr.all:= sensor_data;
) wait(1);
create_cone(Sensor_Data_Transmission, data ~> d_ptr);
- elsif which_port = 2 then
i wmsg:= port_data(cone_in);
t . ’ consume(cone_in);
’ if wmsg.designator = Command_Transmission then
) o_ptr:~ cast_magic_ptr_into_order_ptr(wmsg.data);
: current_order:= o_ptr.all;
!' ’3 wait(1);
emit(order_rcv,current_order);
elsif wmsg.designator = Sensor_Data_Transmission then
; d_ptr:=~ cast_magic_ptr_into_track_data_ptr(wmsg.data);
Ty sensor._data:= d_ptr.all;
wait(1);
emit(sensor_data_rcv, sensor._data);
end if;
end if;
L wait(0);
end loop;
9
o exception
Pt when others => put_line("***Some error in Sensor_Sat_Com_TM_task***”);
. $end;
A
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" The Weapons_Platform_Communication_TM receives orders from the Command_Posts
and target information form the Sensor_Platforms. e
:l‘ %
)
M
,:.l ----- === PLATFORM_COMMUNICATION_TM -~-ecen- "
' L}
:“‘ :H:‘
Zi: Stechnology_module Weapons_Platform_Communication_t™ is -
N Sinport cone_in:Cone_Msg;
- Soutport order_rcv:Order,
'4 sensor_data_rcv:Track_Data; o
o Sparameter platform_id:string(1..7):= ("—"); ad
iy $end;
“' ke
;.D with Order_ptr_pkg, Track_Data_ptr_pkg; o
@ Stask Weapons_Platform_Communication_T™ is e
use Order_ptr_pkg, Track_Data_ptr_pkg;
) wmsg: Cone_Msg;
|:. current_order: Order;
) o_ptr: Order_ptr; y
&) P! —pir; |
_.:|\ sensor_data: Track_Data;
: i: d_ptr: Track_Data_ptr; .
"y $begin p’:
loop ) -
wait_for_activity((1=>cone_in.Port),StartTime => 0);
":i wmsg: = port_data(cone_in); ;
,0“ consume(cone_in); S
}"" if wmsg.designator = Command_Transmission then ::j
:,'q o_ptr:= cast_magic_ptr_into_order_ptr(wmsg.data);
) current_order:= o_ptr.all;
! wait(1); Y
emit(order_rcv, current_order); q
0 elsif wmsg.designator = Sensor_Data_Transmission then =
By d_ptr:= cast_magic_ptr_into_track_data_ptr(wmsg.data);
|:t' sensor_data:= d_ptr.all; W
£ wait(1); oy
": emit(sensor_data_rcv, sensor_data); 'y
-:0. end if;
* wait(0);
o end loop; ;’
Ve -
b :‘ exception
:... when others => put_line("***Some error in Platform_Com_TM_task***");

7
¢ /
U $end; \:
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7.3. Other Technology Modules

The Orbit_Equation_of_Motion_TM is a stub process. Currently this process acknowledge
the SADMT Even:_Msg; however, a new equation of motion is not generated by this TM.

$technology_module Orbit_Equation_of_Motion_TM is
$inport event_in:Event_Msg;
$parameter platform_id:string(1..7):= ("——");
Send;

$task Orbit_Equation_of Motion_T™ is
emsg: Event_Msg;
Sbegin
loop
wait_for_activity((1=>>event_in.Port),StartTime => 0);
emsg:= port_data(event_in);
consume(event_in);
it emsg = end_of_eqn_motion then
puttine(”(end-of-eqn-motion).”);

put_line(” "&
” Computing new eqn-of-motion now.”);
else
put_line("(NOT end-of-eqn-motion).”); .
end if; ‘
wait(0); .
end loop; . 1
exception- -~ -?:,~ .
when otherd-=> put_line("***Some error in Orbit_Eqn_Mot_TM_task***"); ."':\:_ :
S
e
$end; ! 4‘" w
]
B
NS

The Platform_DATA_TM returns information concerning physical properties of the plat-
form. This includes the platforms mass, equation of motion, speed, and so on.

il

:sl

[ %

wennennn PLATFORM_DATA_TM -------

%

Stechnology_module Platform_Data_T™ is

$inport req_in:Platform_Data_Regq; —-,
Soutport data_out:Platform_Data; el
$parameter platform_id:string(1..7):= ("——"); _:-_ \
Send; Y
)
with Vector_pkg,Vector_I0; :-f:_ W
use Vector_pkg, Vector_io; e
$task Platform_Data_TM is L
use Cones_n_Platforms.interface_procs; Kot
use FLT_IO; FA,
part_data: Platform_Data; ]
phys_block: physical_stuff_block; ".r::,
Sbegin :‘:"' \
loop (SN
wait_for_activity((1=>req_in.Port),StartTime => 0);
consume(req._in);

phys_block: = get_physical_stuff,
part_data.designator: = get_my_type;

a9
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part_data.mass:= phys_block.mass;
part_data.eqn_motion:= phys_block.eqn_motion;
part_data.current_eqo_motion_segment:=
phys_block.current_eqn_segment;
part_data.when_arrived_this_segment:=
phys_block.when_arrived_this_segment;
part_data.when_leaving_this_segment:=
phys_block.when_leaving_this_segment;
part_data.position:= platform_position;
part_data.speed:= phys_block.speed_this_segment;
part_data.velocity: =
(phys.block.where_at_end_of_segment -
phys_block.where_at_start_of_segment) /
phys_block.delta_t_this_segment;
emit(data_out,part_data);
wait(0);
end loop;

exception
when others => put_line(”***Some error in Platform_Info_TM_task***");

$Send;

The Sensor_Cone_Response_TM listens to all beamings and ignores all but the Sensor._Cone
beamings. When a Sensor_Cone beaming is detected, this TM returns a Sensor_Cone_Reflection
to the platform that originated the Sensor_Cone.

wsesese» SENSOR_CONE_RESPONSE_TM --------

$dynamic_tech_module Sensor_Cone_Response_TM:~ SENSOR_CONE_RESPONSE is
$cone_inport cone_in;
$cone Track_Data_rec_ptr;

$end;

with Vector_1o,Sensor_Cone_pkg;
with Track_Data_rec_ptr_pkg;
use Vector_10,Sensor_Cone_pkg;
$task Sensor_Cone_Response_TM is
use Cones_n_Platforms.interface_procs;
wmsg: Cone_Mzsg;
part_data: Track_Data_rec_ptr;
eom: eqn_motion_type;
$begin
part_data: = new Track_Data_rec;
part_data.next_rec:= null;
loop
wait_for_activity((1=>cone_in.Port),StartTime => 0);
wmsg: = port_data(cone_in);
consume(cone_in);
if wmsg.designator = Sensor_Cone then
part_data.position: = platform_position;
eom:= null;
part_data.velocity: = (0.0,0.0,0.0);

create_cone(Sensor_Cone_Reflection,
RetAddr => wmsg.initiator_id,
data => part_data);

end if;
wait(0);
end loop; -
exception :'J‘
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when others => write_process_full(MYSELF,”***Some error in ”,”***”");

$Send;

The Sensor_Device_TM waits for a signal to arrive on its sense_cmd port. When the signal
arrives, it transmits a Sensor_Cone and wait for echos. As the echos are received, a track file is
constructed. After all of the echos have been received, the track file is passed over the outport

to the sensor platform.

$technology_module Sensor_Device_TM is
$inport cone_in:Cone_Msg,
sense._cmd:Sense_Req;
$outport sensor_data:Track_Data;
$parameter platform_id:string(1..7):= ("——");
Scone Sense_Req_ptr;
$Send;

with Vector_1o,Track_Data_rec_ptr_pkg,Sensor_Cone_pkg;
use Vector_1o,Track_Data_rec_ptr_pkg,Sensor_Cone_pkg;
$task Sensor_Device_T™ is
use Cones_n_Platforms.interface_procs;
use FLT_IO;
cmd: Sense_Req;
wmsg: Cone_Msg;
data: Track_Data_rec;
track_info: Track_Data;
new_node: Track_Data_rec_ptr:= null;
$begin
loop
it Port_length(sense_cmd) = O and then
Port_length(cone_in ) = 0 then
wait_for_activity;
elsif Port_length(cone_in) /= O then
consume(cone_in);
else
cmd:= port_data(sense_cmd);
consume(sense_cmd);
create_cone(Sensor_Cone, cone~>cmd);
wait(1);
track_info.track_list:= null;
track_info.number_of_targets:= 0;
while Port_length(cone_in) /= 0 loop
wmsg:= port_data(cone_in);
consume(cone_in);
if wmsg.designator = Sensor_Cone_Reflection then
new_node:= cast_magic_pir_into_track_data_rec_ptr(
wmsg.data);
data:= new_node.all;
new_node:= new_track_data_rec;
new_node.all:= data;
new_node.next_rec: = track_info.track list;
track_info.track_list:= new_node;
track_info.number_of_targets: =
track_info.number_of_targets + 1;
wait(1);
end loop;
emit(sensor_data,track_info);
if track_info.number_of_targets = O then
if current_debug_level > 60 then
put("(”); put(platform_id); put(")");
put("(SENSORD) No targets; killing of platform now.”);
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end if;

destroy_self; e
end if;
¥ end if; Cab
N wait(0);
3 end loop; o

exception J‘\.
when others => put_line("***Some error in Sensor_Device_TM***");

$end;

The Platform_Collision_TM is simple. This TM destroys the host platform as soon as a
collision is detected.

M

$dynamic_tech_module Platform_Collision_TM:= PLATFORM_COLLISION_TM is
$platform_inport part_in;
$Send;

gv v 2, F 2

with Vector_pkg, Vector_lo;

: use Vector_pkg,Vector_Io; ]
] Stask Platform_Collision_T™ is .\. ]
i use Cones_n_Platforms.interface_procs; '-‘;"
pos: vector; )
$begin
S loop B ]
wait_for_activity((1=>part_in.Port),StartTime => 0); R .
consume(part_in); =
write_process_full(MYSELz,”(”,”)", false); byt
. put_line("(PARTCOL) Now I'm dead (R.I.P.)"); a
\ destroy_self; A
; wait(0); LS
R end loop; 3
exception
. when others => write_process_full(MYSELF,”***Some error in ”,”***"); = 1
Send;
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